Abstract: Wireless sensor network (WSN) is made up of a large number of low-cost wireless sensor nodes, which can collect all types of data in its lifetime. Node deployment of WSN is a NP complete problem, and it can significantly influence the network coverage and energy consumption in WSN. In this paper, we try to exploit multi-objective immune algorithm to solve the node deployment problem in WSN. The proposed node deployment algorithm aims to maximise the degree of network coverage and minimise the energy consumption. In the proposed multi-objective immune algorithm, each antibody refers to a candidate solution in node deployment process, and the antibodies are randomly initialised with a specific range. In addition, we design a fitness function by two ranking modes. Finally, experiments are conducted to test the performance of the proposed algorithm. Particularly, we use some typical performance metric in this experiment, such as coverage degree, energy consumption, and maximum moved distance. Experimental results demonstrate that the proposed can both enhance the network coverage degree and reduce the energy consumption by minimising the moved distance.
Introduction
Wireless sensor networks (WSN) are composed of a large number of tiny devices with limited resources, such as processor, storage space, energy supply, communication bandwidth, and so on (Xuan et al., 2017; Wang et al., 2017) . These tiny devices which are named as micro sensor equipment can solve a specific task in a network environment, process the sensing data information, data and exchange information with other wireless sensor nodes or gateway by multi-hop wireless communication mode (Vinutha et al., 2017; Shokouhifar and Jalali, 2017) . WSN have been widely used in many areas, such as seismic monitoring, environmental monitoring, battlefield surveillance, and so on (Shahbazian and Ghorashi, 2017) .
WSN is a kind of Ad hoc network, which can be used to monitoring parameters of environment, and it is designed based on sensor technology, microprocessor technology and wireless communication technology (Qiu et al., 2017; Mann and Singh, 2017) . WSN monitors the target area through a variety of micro wireless sensors in real-time mode. WSN is composed of wireless sensor nodes and gateway nodes, which are deployed in the monitoring area .
Micro sensor nodes have several functions, such as, sensing function, calculation function and communication function. Furthermore, there are several modules in WSN, including sensor module, processor module, wireless communication module and power supply module (Lee, 2017) . After collecting information from environment, data are transmitted to internet through gate nodes .
Because of the large scale and the remote or hostile environment, it is very important to replace energy supply. As the network lifetime of a WSN greatly depends on consumption of the power, efficient node deployment policy can promote better coverage of region of interest and enhance the network lifetime Jahandoust and Ghassemi, 2017) . The optimal node deployment problem is one of the key and fundamental problems in the research area of WSN. Moreover, the quality of the node deployment significantly affects the QoS and efficiency of WSN (Hoa et al., 2017) .
The paper is organised as follows. In Section 2, we introduce related works about node deployment in WSN. Section 3 proposes background theory of WSN. Section 4 provides a novel node deployment method based on multi-objective immune algorithm. In Section 5, experimental results show the effectiveness of the proposed algorithm. Finally, we conclude the whole paper in Section 6.
Related work
As is well known that node deployment refers to one of the crucial issues in WSN, because node deployment can significantly influence the network cost and network lifetime. To establish an effective WSN, node deployment scheme should be design carefully. In terms of the needs of node placement, existing node deployment algorithms can be grouped into three classes, such as random deployment, incremental deployment, and movement-assisted deployment. Next, we provide related works about node deployment in WSN as follows.
Singh et al. proposed an analytical approach to prolong the lifetime of the WSN by maintaining the disjoint groups of sensors. In particular, an individual group is able to provide the whole area coverage at a given time. The tessellation form after placing a group of sensor is set in a regular rectangle (Singh et al., 2016) .
Localisation technique has been a great challenge in successful implementation of WSN, and it is a hot issue. Kaur et al. exploited DV-HOP algorithm through deploying anchor nodes in a structured way at different radio ranges. Structured deployment of anchors is able to provide more accurate location estimates than the random policy which is used in the basic DV-HOP algorithm (Kaur and Malhotra, 2016) . Mahajan et al. (2015) proposed a novel node deployment algorithm for maintaining energy balance in a sector-based WSN. In addition, nodes distribution in the sector area is implemented and the validation of the distribution is effective. Particularly, a scheduling technology is utilised for data transmission which aims to exploit energy efficiently and avoid energy hole around base station.
To solve the sensing coverage problem in WSN, Izadi et al. (2015) propose a fuzzy-based self-healing coverage scheme for randomly deployed wireless sensor nodes. The proposed method determines the uncovered sensing areas and chooses the best sensor nodes to be moved to minimise the coverage hole. On the other hand, it distributes the sensor nodes uniformly according to the Euclidean distance and coverage redundancy. Sengupta et al. (2013) regarded the sensor node deployment problem as a constrained multi-objective optimisation problem, which including several goals, such as:
1 seek a deployed sensor node arrangement to maximise the area of coverage 2 minimise the energy cost 3 maximise the network lifetime of WSN 4 minimise the number of deployed sensor nodes to ensure the connectivity between sensors and sink nodes. Tang et al. (2012) proposed an optimised algorithm of grid calibration, which integrates the node deployment algorithm and energy consumption distribution together. This work demonstrated on both theory and practice. In particularly, the authors utilised the grid calibration algorithm as the base, which is convenient manipulated in actual.
Considering that the load of clusters in WSN, a given number of redundant nodes are assigned to balance the energy consumption in clusters. Zhang et al. (2011) proposed a redundant node deployment algorithm (denoted as RNDA) based on cluster load balancing tackle the problem in multi-hop WSNs. The proposed algorithm exploited a clustering structure to balance the energy consumption of different sensors in a cluster. That is to say, the proposed method is able to provide an effective method in the research of data transmission in WSN. Xu et al. (2008) proposed a novel node deployment method of P-medians of multiple sink nodes, meanwhile, the proposed algorithm exploited the genetic algorithm. In particular, the deployment algorithm of sink nodes has been a crucial issue in WSN. The experimental results showed that that the deployment method with genetic algorithm is able to lower the energy cost of WSN efficiently to enhance the efficiency of network service and enhance the network lifetime of WSN.
Different from the above works, in this paper we present a novel node deployment algorithm to maximise the degree of network coverage and minimise the energy consumption based on a multi-objective immune algorithm.
Background theory of WSN
Types and the amount of data are different from different positions in the sensing area. In the WSN architecture, the goals sensor design lie in several aspects, such as energy saving, low price, small volume, and environment perception. The sensor node is just like a small computer, and it is equipped with sensing, computing and wireless transmission devices. Furthermore, several types of data can be sensed by sensors, such as temperature, vibration, sound, light, and so on. Framework of WSN is shown in Figure 1 .
Nodes in WSNs not only have to complete the collection, transmission and pretreatment of information, but also involve some complex works, such as task scheduling and management. Therefore, in the WSN, sensor nodes may also have embedded operating system for more effective management. 
Energy supplied module
The energy dissipation for transmission of a l bit packet under distance d is defined as follows.
The energy consumption to receive a l bit packet is computed as follows.
In the data sensing environment, the path loss of the signal propagation model is defined as follows.
The detection ratio of a target below the distance d is defined as follows.
Particularly, the node deployment is solved by optimising two goals:
1 maximising the degree of network coverage 2 minimising the energy consumption.
The proposed node deployment method based on multi-objective immune algorithm
In this section, we introduce the multi-objective immune algorithm (Xie et al., 2016) to solve the node deployment in WSN via sensor rearrangement in the sensing area to remit the coverage holes with limited mobility cost. Multi-objective optimisation refers to the process of simultaneously optimising two or more conflicting objectives subject to some given constraints. Multi-objective immune algorithm simulate the antigen-antibody reaction of the immune system in mammals (Qi et al., 2016 (Qi et al., , 2015 . In particular, the antigen and the antibody are equivalent to the objective function and the feasible solution for an optimisation problem Liang et al., 2015) . The main innovation of this paper lies in that we exploit the multi-objective immune algorithm to tackle the coverage hole problem and then maximise the network coverage via rearranging wireless sensors.
We suppose that the multi-objective optimisation problem with p decision variables and q objectives is described as follows. 
The maximum covered sensing filed should be computed by integrating all sensing areas of all sensors:
Afterwards, the total coverage area is computed as follows. 
In addition, the coverage ratio can be defined as follows. 
where Ar all refers to the total area of the sensing area. And goal 1 is to minimise 1 -R cov (S), that is:
Optimisation goal 2: Minimising the energy consumption.
As power supply model of wireless sensors are batteries, and goal 2 is to limit the mobility of sensors in the communication range, which is represented as R c . Then, we should minimise the moving distances of all wireless sensors in R c as follows. ( 1 2 ) In addition, the communication range is set as twice of sensor's sensing radius.
In the multi-objective immune algorithm, each antibody b i refers to a candidate solution 1 2 ( , , , )
to the node deployment problem. To solve the proposed multi-objective optimisation problem, the antibodies are randomly initialised with a specific range as follows.
Afterwards, we design a fitness function by two ranking modes (represented as rank 1 and rank 2 ). Based on the above analysis, the feasibility of each antibody is computed as follows.
A solution is feasible only when the feasibility value is not larger than zero, then equation (14) can be rewritten as follows.
Integrating the above two ranking modes together, the fitness function is defined as follows.
where parameter h and h f refer to the population size of antibodies and the number of feasible solutions in the current state. From equation (16), we can see that if there is no feasible solution (h f = 0), rank 2 has no use and then all antibodies are sorted according to rank 1 . On the other hand, if all solutions are feasible (h f = h), rank 2 is useless and the population is ranked in terms of the original objectives rank 2 .
Experiment
In this section, experiments are designed and conducted to evaluate the performance of the proposed node deployment algorithm. In order to reduce the experimental error caused by randomness; each experiment was run for 20 times and the average of results is calculated. In this experiment, we use Matlab 8.1 to evaluate the performance of the proposed method.
Firstly, we test the convergence speed of the proposed algorithm. Particularly, we randomly install 27 wireless sensors in a sensing area (50 × 50 m 2 ) with the sensing radius 7 m, and the max generation is set to 200. To make performance comparison, Jin et al.'s (2010) method are compared with ours method. Covered area ratio is illustrated in Figure 3 . Integrating experimental results of Figure 3 and Figure 4 , it can be observed that compared with Jin's method, the proposed algorithm is able to achieve higher covered area ratio and lower redundant covered area. Secondly, to make clear the influence of node degree on the performance of the proposed algorithm and then we compare it with WSNPSO method (Aziz et al., 2012) . In addition, the number of wireless sensor nodes is set from 20 to 60 with the increment 10. Furthermore, the sensing area and coverage radius are set to 50 × 50 m 2 and 5 m respectively. Initial node deployments for the given five schemes are shown in Figure 5 .
To make performance comparison, we choose WSNPSO to test performance of the proposed algorithm. WSNPSO refers to a two-step WSN particle swarm optimisation algorithm to prolong the network coverage and reduce the energy consumption. Coverage ratio for different schemes is illustrated in Figure 6 . Figure 6 shows that the proposed algorithm is able to achieve higher coverage ratio than WSNPSO method, and all these two methods perform better than the initial coverage (which is regarded as the ground truth in this experiment).
Afterwards, we test the maximum moved distance for different methods (shown in Figure 7 ). It can be seen from Figure 7 that to achieve higher quality of node deployment results, the proposed algorithm requires lower maximum moved distance. That is to say, the proposed algorithm may consume lower energy to solve the node deployment for wireless sensor network.
Conclusions
This paper demonstrates on the problem of node deployment in WSN based on a multi-objective immune algorithm. The proposed node deployment algorithm aims to maximise the degree of network coverage and minimise the energy consumption. Furthermore, each antibody refers to a candidate solution in node deployment process, and the antibodies are randomly initialised in a predefined range. Experimental results prove that higher network coverage degree and lower energy consumption are obtained by the proposed algorithm, and the reason lies in that the maximum moved distance of the proposed is lower than other methods.
